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Abstract

Cervical carcinoma is a major cause of morbidity and mortality among women worldwide.
Histological subtype, lymphovascular space invasion and tumor grade could have a prog-
nostic and predictive value for patients’ outcome and the knowledge of these histologic char-
acteristics may influence clinical decision making. However, studies evaluating the
diagnostic value of various biopsy techniques regarding these parameters of cervical cancer
are scarce. We reviewed 318 cases of cervical carcinoma with available pathology reports
from preoperative core needle biopsy (CNB) assessment and from final postoperative eval-
uation of the hysterectomy specimen. Setting the postoperative comprehensive pathological
evaluation as reference, we analysed CNB assessment of histological tumor characteristics.
In addition, we performed multivariable logistic regression to identify factors influencing the
accuracy in identifying LVSI and tumor grade. CNB was highly accurate in discriminating
histological subtype. Sensitivity and specificity were 98.8% and 89% for squamous cell car-
cinoma, 92.9% and 96.6% for adenocarcinoma, 33.3% and 100% in adenosquamous carci-
noma respectively. Neuroendocrine carcinoma was always recognized correctly. The
accuracy of the prediction of LVSI was 61.9% and was positively influenced by tumor size in
preoperative magnetic resonance imaging and negatively influenced by strong peritumoral
inflammation. High tumor grade (G3) was diagnosed accurately in 73.9% of cases and was
influenced by histological tumor type. In conclusion, CNB is an accurate sampling technique
for histological classification of cervical cancer and represents a reasonable alternative to
other biopsy techniques.

Introduction

Cervical carcinoma is a major cause of disability, morbidity, and mortality among women
with an estimated number of worldwide deaths of 311,000 in 2018 [1].

In patients diagnosed with cervical cancer the treatment strategy depends on locoregional
and distant disease extent. Several pathological characteristics have been studied to predict
advanced disease (e.g. lymph node metastasis), poor prognosis, or disease recurrence. Of
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these, the most commonly reported prognostic factors are lymphovascular space invasion
(LVSI) and tumor grade.

However, most studies examine conization, trachelectomy or radical hysterectomy speci-
mens and few authors have focused on preoperative biopsy samples in predicting the tumor
grade or LVSI in cervical cancer. Pre-treatment biopsy specimens are frequently the only tissue
samples available for analysis, since many patients do not undergo surgery due to national and
international guidelines which generally recommend primary chemo-radiotherapy for locally
advanced cervical cancer, i.e. tumors staged IB2, IIA2, IIB, IIIB and IVA according to the Féd-
eration Internationale de Gynécologie et d’Obstetrique (FIGO) 2009 criteria [2, 3]. Knowledge
about how histological characteristics assessed in different biopsy techniques correlate with
those in final hysterectomy specimens is therefore important if clinical decision making is
based on these factors.

Core needle biopsy (CNB) is a safe and accurate way to obtain tissue specimens and has
been studied in the preoperative evaluation of abnormalities of the breast [4], peripheral nerve
sheath tumors [5], thyroid [6] and pulmonary nodules [7]. In pelvic lesions suspicious of gyne-
cologic malignancy it has been shown that this biopsy technique (with ultrasound-guidance) is
safe, yields adequate tissue samples and almost always provides a reliable diagnosis [8, 9].
However, it is unknown if CNB can accurately predict specific tumor characteristics (cancer
type, LVSI, tumor grade) in gynecologic malignancies.

This study aims to evaluate the performance of preoperative CNB in cervical carcinoma.

Material and methods

This investigation represents a retrospective subgroup analysis of patients enrolled in the pro-
spective observational Leipzig School Mesometrial Resection (MMR) study. All patients were
cared for at the Department of Gynecology at the University Hospital Leipzig and were treated
by total or extended mesometrial resection (TMMR, EMMR), or by laterally extended endo-
pelvic resection (LEER). These are surgical treatments for cervical cancer based on the theory
of ontogenetic cancer fields. The study outcomes along with a detailed description of the tech-
niques have been published [10-14].

All consecutive patients who presented to our institution with primary cervical cancer
staged FIGO (Féderation Internationale de Gynécologie et d’Obstetrique) IB1 ~IIB and who
were older than 18 years of age were eligible for inclusion. In addition, selected patients with
cancer staged FIGO IIIA, IIIB, and IVA were included in the trial if they were not candidates
for primary (chemo-)radiotherapy or declined such treatment and insisted on surgery.
Patients were excluded if they were not fit for surgical treatment. The study protocol and its
amendments were approved by the ethics committee of the University of Leipzig (012/13-
28012013, 171-2006, 192/2001, and 151/2000) and are registered with the German Clinical
Trials Register (DRKS00015171). At the time of enrollment in the MMR study, all patients
provided informed written consent which included further usage of study data.

For this current analysis, a computer search of the study database was performed and the
medical records of MMR-study-patients with primary cervical cancer between December of
1999 and May of 2017 were retrospectively analysed. Patients were excluded if they had
received preoperative chemotherapy, if pathological reports were not available and if the CNB
did not contain any tumor tissue. If only single histopathological characteristics (e.g. tumor
grade, peritumoral inflammation) were not available, the patient was excluded from analyses
involving this missing characteristic (but not for others).

As specified in the MMR study protocol, all patients had undergone preoperative staging
diagnostics (using the FIGO-classification of 2009) which always included an examination
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Fig 1. Histologic examination of core needle biopsies. A case representing two core needle biopsies examined using
three step sections in (a). Core needle biopsy in (b) representing three cores showing tumor infiltration from 20% to
80% (arrows).

https://doi.org/10.1371/journal.pone.0262257.9001

under general anesthesia during which core needle biopsies of the cervix were taken using an
automated spring-loaded biopsy device (Bard Magnum®) Biopty Gun, Bard, UK) with a 14
Gauge needle. The number of biopsies performed was decided by the examiner in order to
ensure a proper tissue sample for a complete histologic classification of the tumor.

The core needle biopsies were completely processed with embedding of multiple cores
within one cassette in cases where multiple cores were obtained. From each block three step
sections were performed with intervals of about 200pm between the steps (Fig 1). No immuno-
histochemical stains were routinely performed for establishing the diagnosis. Both the core
needle biopsies and the hysterectomy specimens were analysed under the supervision of a ded-
icated gynecologic pathologist (LCH) and the reports were reviewed for this study. Specimens
were examined for histologic tumor type, (conventional) tumor grade, lymphovascular space
invasion, and peritumoral inflammatory response (Fig 2). Peritumoral inflammatory response
was classified according to previous publications as absent, weak, moderate or strong [15].
Additionally, conventional tumor grading was performed as described before [16, 17] and G1-
and G2-tumors were merged into one group thus adopting the binary grading model sug-
gested by Horn et al. [18]. These data were included in the database and compared with the
same pathological parameters of the subsequent surgical specimens.

All patients underwent magnetic resonance imaging (MRI) as part of the preoperative stag-
ing procedures. Both tumor size and suspected parametrial involvement were included into
the analysis.

In order to assess the performance of CNB, we calculated the sensitivity, specificity, accu-
racy, positive (PPV) and negative (NPV) predictive value for every pathological parameter and
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Fig 2. Peritumoral inflammation and lymphovascular space invasion. Squamous cell carcinoma with strong
peritumoral inflammtory response with lymphocytic (a) and eosinophilic (b) predominance. Multiple lymphovascular
involvement (arrows) is shown in (c). Intravascular tumor cell surrounded by lymphoepithelial cells in lymphovascular
space invasion can be seen in (d).

https://doi.org/10.1371/journal.pone.0262257.9002

used Fisher’s exact test to compare sensitivities and specificities. To quantify the concordance
between the pathology findings in CNB and hysterectomy specimens we used the
(unweighted) Cohen s kappa. To establish agreement quality for each kappa-value we applied
the classification suggested by Landis and Koch. In this classification kappa-values of less than
0.2 correspond to a slight agreement, 0.21-0.4 to a fair agreement, 0.41-0.6 to a moderate
agreement, 0.61-0.8 to a substantial agreement and 0.81-1.0 to an almost perfect agreement
[19].

Furthermore, we performed a multivariable logistic regression analysis to investigate
whether additional variables influenced CNB accuracy and to compute the adjusted odds
ratios (aOR) of these variables. As previously proposed, variables were included in the multi-
variable logistic regression if they were associated with these parameters in an univariable
model with a p-value of <0.25 [20]. We ensured that events per variable were always more
than 10 in multivariable logistic regression analysis in order to avoid bias of the coefficients
[21]. P-values of <0.05 were regarded as statistically significant.

Statistical analysis was performed with the program R [22]. Kappa statistics were computed
with the “IRR”-package. The most appropriate thresholds of continuous variables (specifically
tumor size in the MRI) for the logistic regression were computed with ROC-curve analysis
using the “pROC”-package. The “blorr”-package was used to perform collinearity diagnostics.
Categorical data is given as percentages while continuous data is reported as numbers.
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Results

The reports of 458 patients were identified between December of 1999 and May of 2017. In six
cases CNB had not been performed (e.g. biopsies had already been performed before the
examination under general anesthesia). Further 134 cases were excluded, since no tumor was
detected in the CNB specimen. This false negative results of the CNB could partially be
explained by the fact that 73.1% of these patients had a conization prior to the examination
under general anesthesia, thus removing a significant part of the tumor mass before CNBs
could be performed. Eventually, the reports of 318 patients were included in the study.

Histologic tumor type, LVSI and tumor grade were known in all 318 patients in both CNB
and hysterectomy specimen. Peritumoral inflammation could be evaluated in 284 CNBs and
290 hysterectomy specimen. Patient and tumor characteristics are compiled in Table 1.

The sensitivity of CNB in recognizing a squamous cell carcinoma (SCC) and adenocarci-
noma (AC) as such was 98.8% and 92.9%, respectively. Neuroendocrine carcinoma was recog-
nized correctly by CNB in both cases. There were 15 cases of adenosquamous cervical
carcinoma in our study group. The CNB recognized five of them correctly (33.3%), but classi-
fied four (26.7%) as SCC and six (40%) as AC. Specificity of the CNB for the various histologi-
cal types was 89% for SCC, 96.6% for AC, and 100% for adenosquamous and neuroendocrine
cervical carcinoma. Overall, the CNB accurately predicted histologic tumor type in 94.7% of
cases.

The overall sensitivity and specificity for the detection of LVSI in CNB were 56% and 83.8%
respectively. The accuracy corresponded to 61.9% (kappa 0.26). PPV and NPV were 92.7%
and 34.1% respectively.

Univariable logistic regression showed that presence of strong peritumoral inflammation,
advanced clinical stage (FIGO IIB and higher), parametrial involvement on MRI, tumor size
over 3.8 cm on MRI and number of CNB were associated with correct LVSI assessment. In
multivariable logistic regression the presence of strong peritumoral inflammation and a tumor
size larger than 3.8 cm had a statistically significant influence on correct LVSI assessment
(Table 2).

A tumor size of more than 3.8 cm as determined by MRI was associated with an increase of
an accurate diagnosis (aOR 2.1, 95% confidence interval [CI]: 1.11-4.03).

The presence of strong peritumoral inflammation negatively influenced correct LVSI status
prediction of the CNB (aOR 0.46, 95% CI: 0.22-0.95)). This decrease in accuracy was predomi-
nantly caused by a significantly lower sensitivity, which decreased from 63.2% to 38.5% when
strong peritumoral inflammation was present (p = 0.0067). Conversely, specificity didn’t
change significantly (80.6% vs. 84.6%, p = 1.0).

When analysing the performance of CNB predicting tumor grade we adopted the dual clas-
sification suggested by Horn et al. [18] subdividing tumor grades in high grade (G3) and low
grade (G1-2). The overall sensitivity and specificity of CNB predicting a high-grade (G3)
tumor were 53% and 89.7% respectively. The accuracy corresponded to 73.9% (kappa 0.45).
PPV and NPV were 78.9% and 72.4% respectively.

Univariable logistic regression showed that strong peritumoral inflammation, LVSI,
advanced clinical stage (FIGO IIB and higher), parametrial involvement on MRI, and post-
conization status were associated with correct diagnosis of a high-grade-tumor through CNB.
Also we observed that, in the univariable model, SCC in the CNB influenced tumor grade rec-
ognition negatively (OR 0.43, 95% CI: 0.2-0.85, p = 0.021) while AC improved it (OR 2.29,
95% CI: 1.12-5.19, p = 0.032). Since these two variables were highly collinear, we only included
the variable describing the presence of SCC in our multivariable model, since this seemed to
have the highest influence on tumor grade recognition. Multivariable logistic regression
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Table 1. Patient- and tumor characteristics.

Age—years (median, IQR)

45.5 (37-55.75)

Preoperative conization—no. (%) 56 (17.6%)
Suspected parametrial involvement (MRI)—no. (%) 121 (40.4%)
Tumor size (MRI)—cm (median, IQR) 3.7 (2.5-4.6)
Histologic subtype Squamous cell carcinoma 245 (77.1%)
n=318 Adenocarcinoma 56 (17.6%)
Adenosquamous carcinoma 15 (4.7%)
Neuroendocrine carcinoma 2 (0.6%)
Stage of disease (FIGO) no. (%) 1A 3(0.9%)
n=2318 1B1 117 (36.8%)
1B2 34 (10.7%)
JIV:N 27 (8.5%)
1IB 118 (37.1%)
IIIA 2 (0.6%)
11IB 11 (3.5%)
v 6(1.9%)
Histological tumor stage pT1bl 109 (34.3%)
n=2318 pT1b2 46 (14.5%)
pT2al 10 (3.1%)
pT2a2 5 (1.6%)
pT2b 140 (44.0%)
pT3b 2 (0.6%)
pT4 6 (1.9%)
Lymphovascular space invasion (LVSI) present CNB 151 (47.5%)
n =318 Hysterectomy 250 (78.6%)
Tumor grading CNB G1-2 (low-grade carcinoma) 228 (71.7%)
n=318 G3 (high-grade carcinoma) 90 (28.3%)
Hysterectomy G1-2 (low-grade carcinoma) 183 (57.5%)
G3 (high-grade carcinoma) 135 (42.5%)
Peritumoral inflammation CNB absent 44 (15.5%)
n=284 mild 113 (39.8%)
moderate 75 (26.4%)
severe 52 (18.3%)
n =290 Hysterectomy absent 57 (19.7%)
mild 95 (32.7%)
moderate 75 (25.9%)
severe 63 (21.7%)
Number of CNBs 1 26 (8.2%)
n=318 2 74 (24.8%)
mean = 3.4 3 98 (30.8%)
4 54 (17.0%)
5 17 (5.3%)
6 24 (7.6%)
>=7 20 (6.3%)

IQR = interquantile range.
MRI = magnetic resonance imaging.

https://doi.org/10.1371/journal.pone.0262257.t001
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Table 2. Multivariable logistic regression model for correct assessment of lymphovascular space invasion (LVSI) and tumor grading.

Multivariable logistic regression model for correct assessment of lymphovascular space invasion (LVSI)

Estimate Std. Error P-Value Adjusted Odds Ratio (95% CI)
Presence of strong peritumoral inflammation in CNB -0.78203 0.37077 0.0349 0.46 (0.22-0.95)
Tumor size on MRI (> 38mm) 0.7388 0.32902 0.0247 2.1(1.11-4.03)
Suspected parametrial involvement on MRI 0.0548 0.34451 0.8736 1.06 (0.54-2.08)
Advanced disease (FIGO > IIB) 0.22483 0.34202 0.511 1.25 (0.64-2.46)
Number of CNBs 0.06241 0.08248 0.4492 1.06 (0.91-1.26)

Multivariable logistic regression model for correct assessment of tumor grading

Estimate Std. Error P-Value Adjusted Odds Ratio (95% CI)
Squamous cellular cancer in CNB -1.18347 0.50474 0.019 0.31 (0.1-0.76)
Conization performed prior staging 0.71038 0.4519 0.116 2 (0.88-5.31)
LVSIin CNB -0.4082 0.31023 0.188 0.66 (0.36-1.22)
Presence of strong peritumoral inflammation in CNB -0.47959 0.37603 0.2 0.62 (0.3-1.31)
Advanced disease (FIGO > IIB) 0.01439 0.34175 0.966 1.01 (0.52-2.0)
Suspected parametrial involvement on MRI -0.41518 0.33771 0.219 0.66 (0.34-1.28)

MRI = magnetic resonance imaging.
CNB = core needle biopsy.

LVSI = lympho-vascular space invasion.

https://doi.org/10.1371/journal.pone.0262257.t1002

(Table 2) concluded that SCC-histology in the CNB impaired correct grading (aOR 0.31, 95%
CIL: 0.1-0.76).

Discussion

In this study, we show that CNB has high accuracy in discriminating the major histologic sub-
types of cervical carcinoma. The sensitivity and specificity of CNB in recognizing the most
common histologic tumor types were high (SCC: 98.8% and 89% respectively; AC: 92.9% and
96.6% respectively). Not surprisingly, adenosquamous cervical carcinomas were misclassified
in 66.7% of cases (10 out of 15) as either SCC or AC. Both cases of neuroendocrine carcinoma
were identified as such by the CNB.

In the only study evaluating the performance of superficial cervical biopsies, Bidus et al.
found that this technique had a sensitivity, specificity, NPV and PPV of 14%, 96%, 45% and
83% in the detection of LVSI respectively [23]. In our study, sensitivity was considerably
higher (56%) while specificity was seemingly slightly lower (83.8%). Predictive values however
are difficult to compare, since the study of Bidus and colleagues had a considerably lower prev-
alence of LVSI due to the fact that most cases were early cervical cancers.

While data regarding superficial biopsies of cervical cancer are scarce, the accuracy of exci-
sion specimen regarding the detection of LVSI has been studied by various authors. Bai et al.
and Kim et al. studied conization in stage IA2 -IB1 cervical cancers [24, 25] while Bidus et al.
also included stage IB2 -ITA (7.1% of cases) [23]. In these studies, sensitivity and specificity of
conization ranged from 37.5-70.5% and 80-88% respectively. Our data show that CNB has a
sensitivity of 56% and a specificity of 83.8%, suggesting similar performance in recognizing
LVSI compared with conization. Interestingly, PPV and NPV of conization ranged between
43-75% and 57-90% respectively [23, 25] while those of CNB differed substantially in our
study. We observed a PPV and NPV of 92.7% and 34.1% respectively for this sampling tech-
nique. However, it should be taken into account that prevalence of LVSI, which has a major
influence on its predictive values, was very high in our study (78.6%) because of a high
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proportion of advanced cervical carcinomas (Table 1). In contrast, those studies evaluating the
accuracy of conization observed LVSI in 15.8-18.8% of their cases [23-25]. The kappa value
for LVSI assessment in our study was 0.26 (fair agreement [19]). In summary, our data suggest
that CNB may have a similar accuracy to conization in recognizing LVSI. Additionally, the
drop in sensitivity for detection of LVSI caused by strong peritumoral inflammation has not
been described in cervical cancer so far and warrants further investigation.

LVSI has been associated with parametrial [26-28] and vaginal [28] involvement, lymph
node metastasis [29-31], and disease recurrence [32]. However, it has also been observed that
LVSI is heterogeneous and that diffuse LVSI was associated with a worse prognosis while focal
LVSI did not significantly influence disease-free survival [33]. This may explain why some
studies failed to find a significant impact of LVSI on patients’ prognosis [34]. Nevertheless,
various authors have suggested that LVSI should play a role in treatment choice such as in the
decision for adjuvant radiotherapy [35, 36], type of radical hysterectomy [37] or the need for
lymph node assessment in early cervical cancer [38].

CNB showed an accuracy of 73.9% regarding the correct distinction between low-grade
(G1 and G2) and high-grade (G3) tumors with a kappa of 0.45 (moderate agreement [19]).
This accuracy was significantly lower in SCC than in other carcinomas. To the best of our
knowledge, this has never been studied in cervical cancer for neither superficial biopsy nor
conization. However, this corresponded to the results of CNB in grading other tumors. A
meta-analysis of the concordance of tumor grade between CNB and excision specimen in
breast cancer showed pooled agreement of 71% with a kappa of 0.54 [4].

Tumor grade is a widely known histopathologic factor in cervical carcinomas whose prog-
nostic value has been discussed. Some authors found that high tumor grade had a prognostic
impact on parametrial involvement, survival and recurrence [18, 26, 27] while others failed to
show this associations in cervical cancer [28, 39, 40]. Consequently, tumor grade could repre-
sent a tool for risk stratification, but its implications for treatment choice are less clear.

One limitation of the study is the fact that the number and location of cores taken were not
standardized. However, we did not find any correlation between the number of CNBs taken
and their accuracy in predicting LVSI or tumor grade. Furthermore, the accuracy of CNB ana-
lysed in this study could only be compared with the accuracy of other tissue sampling tech-
niques (e.g. cervical biopsy, conization) analysed in different studies. Obviously, this
comparison has its limitations, as the assessment of accuracies could vary significantly between
studies.

This study sample is characterized by a high number of women with tumors staged FIGO
IIB or higher (43.1%) and its findings are therefore unique as such patients are usually submit-
ted to primary chemo-radiotherapy. In contrast, other studies investigating the accuracy of
biopsy or excision specimens have been limited by the inclusion of lower tumor stages only
[23-25]. Furthermore, this is to the best of our knowledge the first study showing which char-
acteristics of both tumor and patient may have an influence on the accuracy of histopatholog-
ical examination in cervical cancer.

In our opinion, CNB does not represent a technique for the primary diagnosis of cervical
cancer, as ordinary cervical biopsy may be sufficient for this purpose. We believe that the main
benefit of the CNB lies in the further categorization of the cervical tumor, which could be
essential in those cases, where therapy is chosen based on tumor biology.

Conclusion

CNB has excellent accuracy in predicting histologic tumor type in cervical carcinomas. The
performance in predicting LVSI and tumor grading is comparable to data published for
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diagnostic conization and superficial cervical biopsy. Additionally, we show that strong peritu-
moral inflammation negatively affects LVSI-assessment while SCC-histology impairs tumor
grading. We therefore advocate that CNB is a reasonable alternative for histopathological clas-
sification of cervical cancers if diagnostic conization is not mandatory for the staging of early
tumors.

Supporting information

S1 Data.
(XLSX)

Author Contributions

Conceptualization: Massimiliano Lia, Lars-Christian Horn, Michael Hockel, Bahriye Aktas,
Benjamin Wolf.

Data curation: Massimiliano Lia, Paulina Sodeikat, Benjamin Wolf.

Formal analysis: Lars-Christian Horn, Benjamin Wolf.

Funding acquisition: Michael Hockel, Benjamin Wolf.

Investigation: Massimiliano Lia, Paulina Sodeikat, Benjamin Wolf.

Methodology: Massimiliano Lia, Lars-Christian Horn, Bahriye Aktas, Benjamin Wolf.
Software: Massimiliano Lia, Benjamin Wolf.

Supervision: Lars-Christian Horn, Michael Hockel, Bahriye Aktas, Benjamin Wolf.
Visualization: Massimiliano Lia.

Writing - original draft: Massimiliano Lia.

Writing - review & editing: Lars-Christian Horn, Michael Hockel, Bahriye Aktas, Benjamin
Wolf.

References

1. BrayF, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLO-
BOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2018; 68:394—424. https://doi.org/10.3322/caac.21492 PMID: 30207593.

2. Koh W-J, Abu-Rustum NR, Bean S, Bradley K, Campos SM, Cho KR, et al. Cervical Cancer, Version
3.2019, NCCN Clinical Practice Guidelines in Oncology. J Natl Compr Canc Netw. 2019; 17:64-84.
https://doi.org/10.6004/jnccn.2019.0001 PMID: 30659131.

3. AGO. Interdisciplinary German Guidelines for the Diagnostic and Treatment of Uterine Cervical Carci-
noma; 2014. Available from: https://www.awmf.org/uploads/tx_szleitlinien/032-0330LI|_S3_
Zervixkarzinom_2014-10.pdf, 2014 (accessed October 2020).

4. Knuttel FM, Menezes GLG, van Diest PJ, Witkamp AJ, van den Bosch MAAJ, Verkooijen HM. Meta-
analysis of the concordance of histological grade of breast cancer between core needle biopsy and sur-
gical excision specimen. BrJ Surg. 2016; 103:644-55. https://doi.org/10.1002/bjs.10128 PMID:
26990850.

5. Teattrup M, Eriksen JD, Hellfritzsch MB, Serensen FB, Baad-Hansen T. Diagnostic accuracy of ultra-
sound-guided core biopsy of peripheral nerve sheath tumors. J Clin Ultrasound. 2019. https://doi.org/
10.1002/jcu.22769 PMID: 31441068.

6. PajaM, Del Cura JL, Zabala R, Korta |, Ugalde A, Lopez JI. Core-needle biopsy in thyroid nodules: per-
formance, accuracy, and complications. Eur Radiol. 2019; 29:4889-96. https://doi.org/10.1007/
s00330-019-06038-6 PMID: 30783787.

7. Andrade JRd, Rocha RD, Falsarella PM, Rahal Junior A, Santos RSD, Franceschini JP, et al. CT-
guided percutaneous core needle biopsy of pulmonary nodules smaller than 2 cm: technical aspects

PLOS ONE | https://doi.org/10.1371/journal.pone.0262257 January 5, 2022 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262257.s001
https://doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
https://doi.org/10.6004/jnccn.2019.0001
http://www.ncbi.nlm.nih.gov/pubmed/30659131
https://www.awmf.org/uploads/tx_szleitlinien/032-033OLl_S3_Zervixkarzinom_2014-10.pdf
https://www.awmf.org/uploads/tx_szleitlinien/032-033OLl_S3_Zervixkarzinom_2014-10.pdf
https://doi.org/10.1002/bjs.10128
http://www.ncbi.nlm.nih.gov/pubmed/26990850
https://doi.org/10.1002/jcu.22769
https://doi.org/10.1002/jcu.22769
http://www.ncbi.nlm.nih.gov/pubmed/31441068
https://doi.org/10.1007/s00330-019-06038-6
https://doi.org/10.1007/s00330-019-06038-6
http://www.ncbi.nlm.nih.gov/pubmed/30783787
https://doi.org/10.1371/journal.pone.0262257

PLOS ONE

The diagnostic value of core needle biopsy in cervical cancer

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

and factors influencing accuracy. J Bras Pneumol. 2018; 44:307—14. https://doi.org/10.1590/S1806-
37562017000000259 PMID: 30328929.

Mascilini F, Quagliozzi L, Moro F, Moruzzi MC, Blasis | de, Paris V, et al. Role of transvaginal ultra-
sound-guided biopsy in gynecology. Int J Gynecol Cancer. 2020; 30:128-32. Epub 2019/10/23. https:/
doi.org/10.1136/ijgc-2019-000734 PMID: 31645428.

Fischerova D, Cibula D, Dundr P, Zikan M, Calda P, Freitag P, et al. Ultrasound-guided tru-cut biopsy in
the management of advanced abdomino-pelvic tumors. Int J Gynecol Cancer. 2008; 18:833—7. Epub
2007/08/30. https://doi.org/10.1111/j.1525-1438.2007.01015.x PMID: 17764453.

Héckel M, Horn L-C, Manthey N, Braumann U-D, Wolf U, Teichmann G, et al. Resection of the embryo-
logically defined uterovaginal (Millerian) compartment and pelvic control in patients with cervical can-
cer: a prospective analysis. Lancet Oncol. 2009; 10:683-92. https://doi.org/10.1016/S1470-2045(09)
70100-7 PMID: 19482513.

Héckel M, Hentschel B, Horn L-C. Association between developmental steps in the organogenesis of
the uterine cervix and locoregional progression of cervical cancer: a prospective clinicopathological
analysis. Lancet Oncol. 2014; 15:445-56. https://doi.org/10.1016/S1470-2045(14)70060-9 PMID:
24656439.

Héckel M, Wolf B, Hentschel B, Horn L-C. Surgical treatment and histopathological assessment of
advanced cervicovaginal carcinoma: A prospective study and retrospective analysis. Eur J Cancer.
2017; 70:99-110. https://doi.org/10.1016/j.ejca.2016.10.016 PMID: 27914244,

Wolf B, Ganzer R, Stolzenburg J-U, Hentschel B, Horn L-C, Hockel M. Extended mesometrial resection
(EMMR): Surgical approach to the treatment of locally advanced cervical cancer based on the theory of
ontogenetic cancer fields. Gynecol Oncol. 2017; 146:292—8. https://doi.org/10.1016/j.ygyno.2017.05.
007 PMID: 28526168.

Hoéckel M, Wolf B, Schmidt K, Mende M, Aktas B, Kimmig R, et al. Surgical resection based on ontoge-
netic cancer field theory for cervical cancer: mature results from a single-centre, prospective, observa-
tional, cohort study. Lancet Oncol. 2019; 20:1316-26. https://doi.org/10.1016/S1470-2045(19)30389-4
PMID: 31383547.

Eggen T, Arnes M, Moe B, Straume B, Orbo A. Prognosis of early cervical cancer (FIGO Stages IA2,
IB, and IIA) in northern Norway predicted by malignancy grading score and objective morphometric
image analysis. Int J Gynecol Pathol. 2007; 26:447-56. https://doi.org/10.1097/pgp.
0b013e3180341111 PMID: 17885497.

Stoler M, Bergeron C, Colgan TJ, Ferency AS, Herrington CS, Kim KR,et al. Squamous cell tumors of
the uterine cervix and its precursors. In: Kurman RJ, Carcangiou ML, Herrington S, Young RH, editor.
WHO Classification of Tumours of Femal Reproductive Organs. Lyon, 2014: IARC Press; 2014. pp.
172-82.

McCluggage WG, Judge MJ, Alvarado-Cabrero |, Duggan MA, Horn L-C, Hui P, et al. Data Set for the
Reporting of Carcinomas of the Cervix: Recommendations From the International Collaboration on
Cancer Reporting (ICCR). Int J Gynecol Pathol. 2018; 37:205-28. https://doi.org/10.1097/PGP.
0000000000000412 PMID: 28700433.

Horn L-C, Hohn AK, Hentschel B, Fischer U, Bilek K, Brambs CE. Prognostic relevance of low-grade
versus high-grade FIGO IB1 squamous cell uterine cervical carcinomas. J Cancer Res Clin Oncol.
2019; 145:457-62. https://doi.org/10.1007/s00432-018-2793-3 PMID: 30603900.

Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics. 1977;
33:159-74. PMID: 843571

Hosmer DW, Lemeshow S, Sturdivant RX. Applied logistic regression, 3rd edition. New Jersey: John
Wiley & Sons; 2013.

Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation study of the number of events
per variable in logistic regression analysis. J Clin Epidemiol. 1996; 49:1373-9. https://doi.org/10.1016/
s0895-4356(96)00236-3 PMID: 8970487.

R Core Team. R: A language and environment for statistical computing. 2018. Available from: https://
www.R-project.org.

Bidus MA, Caffrey AS, You WB, Amezcua CA, Chernofsky MR, Barner R, et al. Cervical biopsy and
excision procedure specimens lack sufficient predictive value for lymph-vascular space invasion seen
at hysterectomy for cervical cancer. Am J Obstet Gynecol. 2008; 199:151.e1-4. https://doi.org/10.
1016/j.a2jog.2008.02.017 PMID: 18674657.

Bai H, Cao D, Yuan F, Wang H, Xiao M, Chen J, et al. Accuracy of conization procedure for predicting
pathological parameters of radical hysterectomy in stage la2-Ib1 (<2 cm) cervical cancer. Sci Rep.
2016; 6:25992. https://doi.org/10.1038/srep25992 PMID: 27181832.

Kim M-K, Kim MA, Kim JW, Chung HH, Park N-H, Song Y-S, et al. Loop electrosurgical excision proce-
dure findings for identification of patients with early-stage cervical cancer suitable for less radical

PLOS ONE | https://doi.org/10.1371/journal.pone.0262257 January 5, 2022 10/11


https://doi.org/10.1590/S1806-37562017000000259
https://doi.org/10.1590/S1806-37562017000000259
http://www.ncbi.nlm.nih.gov/pubmed/30328929
https://doi.org/10.1136/ijgc-2019-000734
https://doi.org/10.1136/ijgc-2019-000734
http://www.ncbi.nlm.nih.gov/pubmed/31645428
https://doi.org/10.1111/j.1525-1438.2007.01015.x
http://www.ncbi.nlm.nih.gov/pubmed/17764453
https://doi.org/10.1016/S1470-2045%2809%2970100-7
https://doi.org/10.1016/S1470-2045%2809%2970100-7
http://www.ncbi.nlm.nih.gov/pubmed/19482513
https://doi.org/10.1016/S1470-2045%2814%2970060-9
http://www.ncbi.nlm.nih.gov/pubmed/24656439
https://doi.org/10.1016/j.ejca.2016.10.016
http://www.ncbi.nlm.nih.gov/pubmed/27914244
https://doi.org/10.1016/j.ygyno.2017.05.007
https://doi.org/10.1016/j.ygyno.2017.05.007
http://www.ncbi.nlm.nih.gov/pubmed/28526168
https://doi.org/10.1016/S1470-2045%2819%2930389-4
http://www.ncbi.nlm.nih.gov/pubmed/31383547
https://doi.org/10.1097/pgp.0b013e3180341111
https://doi.org/10.1097/pgp.0b013e3180341111
http://www.ncbi.nlm.nih.gov/pubmed/17885497
https://doi.org/10.1097/PGP.0000000000000412
https://doi.org/10.1097/PGP.0000000000000412
http://www.ncbi.nlm.nih.gov/pubmed/28700433
https://doi.org/10.1007/s00432-018-2793-3
http://www.ncbi.nlm.nih.gov/pubmed/30603900
http://www.ncbi.nlm.nih.gov/pubmed/843571
https://doi.org/10.1016/s0895-4356%2896%2900236-3
https://doi.org/10.1016/s0895-4356%2896%2900236-3
http://www.ncbi.nlm.nih.gov/pubmed/8970487
https://www.R-project.org
https://www.R-project.org
https://doi.org/10.1016/j.ajog.2008.02.017
https://doi.org/10.1016/j.ajog.2008.02.017
http://www.ncbi.nlm.nih.gov/pubmed/18674657
https://doi.org/10.1038/srep25992
http://www.ncbi.nlm.nih.gov/pubmed/27181832
https://doi.org/10.1371/journal.pone.0262257

PLOS ONE

The diagnostic value of core needle biopsy in cervical cancer

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

surgery. Int J Gynecol Cancer. 2012; 22:1214-9. https://doi.org/10.1097/IGC.0b013e31825fb63b
PMID: 22801033.

Covens A, Rosen B, Murphy J, Laframboise S, DePetrillo AD, Lickrish G, et al. How important is
removal of the parametrium at surgery for carcinoma of the cervix. Gynecol Oncol. 2002; 84:145-9.
https://doi.org/10.1006/gyno.2001.6493 PMID: 11748991.

Frumovitz M, Sun CC, Schmeler KM, Deavers MT, Dos Reis R, Levenback CF, et al. Parametrial
involvement in radical hysterectomy specimens for women with early-stage cervical cancer. Obstet
Gynecol. 2009; 114:93-9. https://doi.org/10.1097/A0G.0b013e3181ab474d PMID: 19546764.

Silva-Filho AL, Reis FM, Traiman P, Pedrosa MS, Miranda D, Triginelli SA. Clinicopathological features
influencing pelvic lymph node metastasis and vaginal and parametrial involvement in patients with carci-
noma of the cervix. Gynecol Obstet Invest. 2005; 59:92—6. https://doi.org/10.1159/000082522 PMID:
15583463.

Delgado G, Bundy BN, Fowler WC, Stehman FB, Sevin B, Creasman WT, et al. A prospective surgical
pathological study of stage | squamous carcinoma of the cervix: a Gynecologic Oncology Group Study.
Gynecol Oncol. 1989; 35:314—20. https://doi.org/10.1016/0090-8258(89)90070-x PMID: 2599466.

Widschwendter P, Janni W, Scholz C, Gregorio A de, Gregorio N de, Friedl TWP. Prognostic factors for
and pattern of lymph-node involvement in patients with operable cervical cancer. Arch Gynecol Obstet.
2019; 300:1709-18. https://doi.org/10.1007/s00404-019-05341-3 PMID: 31696367

Hutchcraft ML, Smith B, McLaughlin EM, Hade EM, Backes FJ, O’Malley DM, et al. Conization patho-

logic features as a predictor of intermediate and high risk features on radical hysterectomy specimens

in early stage cervical cancer. Gynecol Oncol. 2019; 153:255-8. https://doi.org/10.1016/j.ygyno.2019.
01.026 PMID: 30718128.

Kinney WK, Hodge DO, Egorshin EV, Ballard DJ, Podratz KC. Identification of a low-risk subset of
patients with stage IB invasive squamous cancer of the cervix possibly suited to less radical surgical
treatment. Gynecol Oncol. 1995; 57:3-6. https://doi.org/10.1006/gyno.1995.1091 PMID: 7705699.

Ronsini C, Anchora LP, Restaino S, Fedele C, Arciuolo D, Teodorico E, et al. The role of semiquantita-
tive evaluation of lympho-vascular space invasion in early stage cervical cancer patients. Gynecol
Oncol. 2021; 162:299-307. Epub 2021/06/09. https://doi.org/10.1016/j.ygyno.2021.06.002 PMID:
34116834.

Creasman WT, Kohler MF. Is lymph vascular space involvement an independent prognostic factor in
early cervical cancer. Gynecol Oncol. 2004; 92:525-9. https://doi.org/10.1016/j.ygyno.2003.11.020
PMID: 14766243.

Haesen J, Salihi R, van Gorp T, van Nieuwenhuysen E, Han SN, Christiaens M, et al. Radical hysterec-
tomy without adjuvant radiotherapy in patients with cervix carcinoma FIGO 2009 IB1, with or without
positive Sedlis criteria. Gynecol Oncol. 2021. Epub 2021/07/09. https://doi.org/10.1016/j.ygyno.2021.
06.026 PMID: 34253389.

Sedlis A, Bundy BN, Rotman MZ, Lentz SS, Muderspach LI, Zaino RJ. A randomized trial of pelvic radi-
ation therapy versus no further therapy in selected patients with stage IB carcinoma of the cervix after
radical hysterectomy and pelvic lymphadenectomy: A Gynecologic Oncology Group Study. Gynecol
Oncol. 1999; 73:177-83. https://doi.org/10.1006/gyno.1999.5387 PMID: 10329031.

Cibula D, Pétter R, Planchamp F, Avall-Lundqvist E, Fischerova D, Haie Meder C, et al. The European
Society of Gynaecological Oncology/European Society for Radiotherapy and Oncology/European Soci-
ety of Pathology Guidelines for the Management of Patients With Cervical Cancer. Int J Gynecol Can-
cer. 2018; 28:641-55. https://doi.org/10.1097/IGC.0000000000001216 PMID: 29688967 .

Wenzel HHB, van Kol KGG, Nijman HW, Lemmens VEPP, van der Aa MA, Ebisch RMF, et al. Cervical
cancer with <5 mm depth of invasion and 7 mm horizontal spread—Is lymph node assessment only
required in patients with LVSI. Gynecol Oncol. 2020; 158:282—6. Epub 2020/05/04. https://doi.org/10.
1016/j.ygyno.2020.04.705 PMID: 32381363.

Wagner AE, Pappas L, Ghia AJ, Gaffney DK. Impact of tumor size on survival in cancer of the cervix
and validation of stage IIA1 and [IA2 subdivisions. Gynecol Oncol. 2013; 129:517-21. hitps://doi.org/
10.1016/j.ygyno.2013.03.008 PMID: 23528928.

Sartori E, Tisi G, Chiudinelli F, La Face B, Franzini R, Pecorelli S. Early stage cervical cancer: adjuvant
treatment in negative lymph node cases. Gynecol Oncol. 2007; 107:S170—4. https://doi.org/10.1016/j.
ygyno.2007.07.026 PMID: 17765298.

PLOS ONE | https://doi.org/10.1371/journal.pone.0262257 January 5, 2022 11/11


https://doi.org/10.1097/IGC.0b013e31825fb63b
http://www.ncbi.nlm.nih.gov/pubmed/22801033
https://doi.org/10.1006/gyno.2001.6493
http://www.ncbi.nlm.nih.gov/pubmed/11748991
https://doi.org/10.1097/AOG.0b013e3181ab474d
http://www.ncbi.nlm.nih.gov/pubmed/19546764
https://doi.org/10.1159/000082522
http://www.ncbi.nlm.nih.gov/pubmed/15583463
https://doi.org/10.1016/0090-8258%2889%2990070-x
http://www.ncbi.nlm.nih.gov/pubmed/2599466
https://doi.org/10.1007/s00404-019-05341-3
http://www.ncbi.nlm.nih.gov/pubmed/31696367
https://doi.org/10.1016/j.ygyno.2019.01.026
https://doi.org/10.1016/j.ygyno.2019.01.026
http://www.ncbi.nlm.nih.gov/pubmed/30718123
https://doi.org/10.1006/gyno.1995.1091
http://www.ncbi.nlm.nih.gov/pubmed/7705699
https://doi.org/10.1016/j.ygyno.2021.06.002
http://www.ncbi.nlm.nih.gov/pubmed/34116834
https://doi.org/10.1016/j.ygyno.2003.11.020
http://www.ncbi.nlm.nih.gov/pubmed/14766243
https://doi.org/10.1016/j.ygyno.2021.06.026
https://doi.org/10.1016/j.ygyno.2021.06.026
http://www.ncbi.nlm.nih.gov/pubmed/34253389
https://doi.org/10.1006/gyno.1999.5387
http://www.ncbi.nlm.nih.gov/pubmed/10329031
https://doi.org/10.1097/IGC.0000000000001216
http://www.ncbi.nlm.nih.gov/pubmed/29688967
https://doi.org/10.1016/j.ygyno.2020.04.705
https://doi.org/10.1016/j.ygyno.2020.04.705
http://www.ncbi.nlm.nih.gov/pubmed/32381363
https://doi.org/10.1016/j.ygyno.2013.03.008
https://doi.org/10.1016/j.ygyno.2013.03.008
http://www.ncbi.nlm.nih.gov/pubmed/23528928
https://doi.org/10.1016/j.ygyno.2007.07.026
https://doi.org/10.1016/j.ygyno.2007.07.026
http://www.ncbi.nlm.nih.gov/pubmed/17765298
https://doi.org/10.1371/journal.pone.0262257

